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Summary

Résumé
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as supplemental Technical Information
to provide further information
regarding the long-term safety case for
the DGR Project.





It is to be read in conjunction with
PMD 13-P1.3.
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conjoint à titre de directive technique
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EXECUTIVE SUMMARY
The Deep Geologic Repository (DGR) for low- and intermediate-level radioactive waste
is a proposal by Ontario Power Generation Inc. (OPG) to prepare a site and construct
(and eventually operate, decommission and abandon) a DGR on the existing Bruce
nuclear site within the Municipality of Kincardine. The proposed DGR would receive
low- and intermediate-level radioactive waste currently stored on the Bruce nuclear site
in an interim facility, as well as wastes produced from the continued operation of
OPG-owned nuclear generating stations at Bruce, Pickering and Darlington in Ontario.
This repository would provide for the long-term management of these wastes. The
DGR Project is undergoing an environmental assessment (EA) by a Joint Review Panel
(JRP) under the Canadian Environmental Assessment Act1, 2012 (CEAA 2012). The JRP
is also considering the application made by OPG for a Licence to Prepare a Site and
Construct the DGR Project under the Nuclear Safety and Control Act2.
This Technical Information Panel Member Document (PMD) has been prepared to
provide an overview of the subsurface environment and the long-term safety case
submitted by OPG and the results of the Canadian Nuclear Safety Commission (CNSC)
staff assessment of that safety case. The characteristics of the subsurface environment
and the long-term safety case play a key role in CNSC staff’s conclusions and
recommendations resulting from their review of the Environmental Impact Statement and
LPSC submissions. All recommendations from this PMD have been carried forward into
the EIS PMD 13-P1.3.
Overall, CNSC staff have concluded that, with respect to long-term safety, the
DGR Project is unlikely to cause significant adverse environmental effects under the
CEAA 2012, taking into account mitigation measures, OPG commitments, and the
recommendations outlined in this PMD. While some uncertainties exist in the long-term
safety case they do not change the overall conclusion made by CNSC staff.
Those uncertainties will be addressed in a Geoscientific Verification Program to be
conducted by OPG. In addition, CNSC staff recommend that OPG develop a research
program on the longevity of shaft seals; review and revise the long-term geomechanical
model and the safety assessment; and follow international guidance for waste
characterization.

1

S.C. 2012, c.19, s.52

2

S.C. 1997, c. 9
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OVERVIEW

1.1

Background
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Ontario Power Generation Inc. (OPG) has submitted a proposal [1] to prepare a
site, to construct and to operate a Deep Geologic Repository (DGR) Project for
low- and intermediate-level radioactive waste, on the existing Bruce nuclear site
within the Municipality of Kincardine. The proposed DGR Project would receive
low- and intermediate-level radioactive waste that is currently stored on the Bruce
nuclear site in an interim facility, as well as waste produced from the continued
operation of OPG-owned generating stations in Ontario. The design capacity is
nominally 200,000 cubic metres (m3) of packaged low- and intermediate-level
radioactive waste with flexibility for future expansion. The project is referred to
hereafter as the DGR Project.
OPG is the proponent for the DGR Project. OPG has contracted the Nuclear
Waste Management Organization (NWMO), with the support from OPG, to
complete the Environmental Assessment (EA), prepare the Environmental Impact
Statement (EIS) and the Licence to Prepare a Site and Construct (LPSC)
submissions, and to prepare and respond to the information requests of the
Joint Review Panel (JRP) Process.
OPG has submitted the EIS [2] and a licence application for a LPSC [3], along
with numerous supporting documents. A large component of the submission is to
provide evidence and assurances regarding the long-term safety of the DGR
Project.
Long-term safety, also called postclosure safety, of the DGR Project concerns the
period after its closure spanning a reference time period of one million years.
Long-term safety is provided by the host rock and the engineered shaft seals
which together serve to protect the biosphere from the waste for this long time
period. Due to the very long time frame under consideration, the demonstration of
safety uses multiple arguments and multiple lines of reasoning. The collection of
these arguments and supporting evidence are documented in a “safety case” that
must provide reasonable assurance that the long-term impact on human health and
the environment, including Lake Huron, will be within acceptance criteria (further
described in section 3.1).
This Panel Member Document (PMD) has been prepared to provide an overview
of the subsurface environment and the long-term safety case submitted by OPG
and the results of CNSC staff’s assessment of that safety case. The characteristics
of the subsurface environment and the long-term safety case play a key role in the
Canadian Nuclear Safety Commission (CNSC) staff’s conclusions and
recommendations resulting from their review of the EIS [2] and LPSC [3]
submissions.
A summary of this technical information and any recommendations based on the
review of the long-term safety case presented here are included in PMD 13-P1.3
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as this PMD is provided as additional detailed technical information supporting
staff recommendations and conclusions presented in PMD 13-P1.3.

1.2

Overall Conclusions
CNSC staff conclude that at this stage, there is sufficient evidence to form the
basis of a scientifically based assessment of risks with respect to the long-term
safety case to support an EA decision and to support a licensing decision for the
long-term safety of the proposed DGR Project. CNSC staff have found that OPG
has presented sufficient evidence that the proposed DGR Project, following its
closure, there would be adequate protection to humans and the environment,
including Lake Huron. However, some uncertainties were identified. CNSC staff
recommend that these uncertainties be reduced through a Geoscientific
Verification Program to verify safety case assumptions and to support engineering
decisions and the DGR Project design.
Section 5.1 of this PMD provides a description and CNSC staff assessment of the
uncertainties, including recommendations on decreasing the uncertainties
throughout the life of the DGR Project.
All recommendations are carried forward into PMD 13-P1.3 for the consideration
of the JRP.
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2

BASIS FOR THE REVIEW

2.1

Requirements and Guidelines
The requirements and guidelines that form the basis of this review are in the
following documents:

2.2



CNSC Regulatory Policy P-290: Managing Radioactive Waste [4]



CNSC Regulatory Guide G-320 (G-320): Assessing the Long-term Safety of
Radioactive Waste Management [5]



Guidelines for the Preparation of the Environmental Impact Statement for the
Deep Geologic Repository for Low-and Intermediate-level Radioactive
Wastes [6]



International Atomic Energy Agency (IAEA) Safety Standards Series
No. SSG-23: The Safety Case and Safety Assessment for the Disposal of
Radioactive Waste [7]



Nuclear Energy Agency (NEA) report: Confidence in Long-term Safety of
Deep Geological Repositories: Its Development and Communication [8]

Key Considerations for Demonstrating Long-term Safety
From the above documents, CNSC staff identified two key considerations for
providing assurances of long-term safety:


the selection of a time frame for assessing safety



the development of a safety case

2.2.1 Time Frame
The time frame of the assessment of the long-term safety should encompass the
peak of the projected impact. Such a requirement is the outcome of an ethical
principle commonly used in radioactive waste management that future
generations and the environment should be provided with the same level of
protection as at present. Therefore, the maximum impact from the DGR Project
must be calculated and be shown with reasonable confidence to meet present day
acceptance criteria.
Figure 2.1-1 (found on the following page) provides some perspective on the
reference time frame of one million years for the safety case. Although the
assessment time frame of one million years is much longer than the time frame for
any current human undertaking, even longer than the existence so far of human
kind itself, it is small in comparison with the geological history of the rock
formations that are under consideration to host the DGR Project.
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Figure 2.1-1 Perspectives on Time Scale
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Reference time frame for safety assessment is 1 million years
The Michigan Basin, where the DGR Project is proposed to be developed, has
been geologically stable for approximately the last 250 Ma (million years), and
will likely remain so for many millions of years into the future. The current
international consensus [8] is that there is a high degree of reliability in safety
assessment results for time frames where geological conditions are stable and can
be expected to remain so for a very long time.
2.2.2 Safety Case
2.2.2.1

Purpose

The safety case provides safety arguments in support of decisions to proceed to
the next stage of repository development. The main stages of a DGR facility are:
concept development, site selection, construction (including site preparation),
operation, decommissioning and closure/abandonment. OPG’s current application
is for a site preparation and construction licence from the CNSC. Such a licence
would not allow OPG to emplace wastes, however, consistent with G-320 [5] and
international best practices, the EIS Guidelines required OPG to develop a
postclosure safety case (which looks at the long-term safety). The safety case
seeks to demonstrate that at present there is reasonable confidence that long-term
safety is achievable in order to support the decision to proceed with construction.
The safety case also identifies uncertainties, and provides strategies to handle
these uncertainties prior to closure of the facility.
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2.2.2.2

Components

The safety case is composed of integrated arguments that would give confidence
that the two main functions of containment and isolation would be achieved.
Containment postpones and minimizes the releases from the wastes to the
biosphere and isolation keeps humans and the environment separated from the
wastes. The components of the safety case for the proposed DGR Project and their
interactions are illustrated in figure 2.2-1. The safety assessment is an important
component to the safety case. The safety assessment involves a quantitative
analysis of the performance of the facility and its impact on human health and the
environment, including Lake Huron. This illustration is largely compatible with
definition and guidance given in the documents listed in section 2.1.
Figure 2.2-1 Main Components of the Long-term Safety Case for the
Proposed DGR Project

Safety Case Containment
Isolation

Safety
Assessment

Geosphere
Attributes

Repository
system design
and attributes

Figure 2.2-1 illustrates that those safety arguments for the proposed project can be
grouped into three main classes:


those related to the safety assessment



those associated with the geosphere characteristics



those associated with the repository

The arguments are integrated to provide confidence that the two main functions of
the DGR, isolation and containment will be achieved, and to provide reasonable
assurance on the protection of humans and the environment, including Lake
Huron. The three classes of arguments are not independent. In particular, the
safety assessment requires input from the geosphere and repository characteristics
in order to provide a quantitative estimate of impacts on the biosphere.
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CNSC Review Process
The process(es) and mechanism(s) used to evaluate the information provided by
OPG include:


verifying in the submission:
o the accuracy of data used
o the validity of data collection or generation techniques
o the appropriateness of data reduction, manipulation and
interpretation
o the adequacy of the conceptual (theoretical) model underlying
calculations
o the assumptions adopted and simplifications made to make
calculations traceable are appropriate and not inconsistent or
mutually exclusive
o the accuracy of the calculations performed
o the uncertainty in the calculated results
o the interpretation of the results and the assumptions and limitations
are taken into account in their calculation and the uncertainty in the
results



critically comparing the submission information with relevant standards and
criteria



performing independent research and calculations to confirm the safety
arguments presented in the submission (see section 2.3.1)



undertaking alternate interpretations of the data and information in the
submission to identify those topics and issues that are the most critical to the
conclusions of the submission

2.3.1 CNSC Staff Research
Since 2008, CNSC staff’s research has focused on the host rock, specifically
conducting research on performance of sedimentary rock as barriers against
contaminant migration. Four projects were conducted on:


natural tracers [9]



gas migration [10]



effects of past and future glaciations [11]



excavation damage of the host rock [12]

These projects were performed in collaboration with Canadian universities and
the German Geological Survey (BGR), Institut de Radioprotection et Sûreté
Nucléaire, France (IRSN) and Canada Centre for Mineral and Energy Technology
(CANMET). The collaboration with the BGR, IRSN and CANMET has allowed
e-DOC 4117984 (WORD)
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CNSC staff to obtain invaluable experimental data from laboratory and field tests.
Research reports, journal papers, conference papers and workshop presentations
were published from these research projects (see www.nuclearsafety.gc.ca for
more information).

3

PROPONENT’S ASSESSMENT
OPG has provided arguments for the long-term safety case which are presented in
the Preliminary Safety Report (PSR) [13] and the supporting documents that were
submitted as part of the licensing application and in the EIS. Based on these
arguments, OPG concludes that a high level of protection for humans and the
environment will be provided by the DGR Project after its closure. Uncertainties
were identified and conservative assumptions were made in the safety assessment
part of the safety case, to show that those uncertainties will not likely compromise
the long-term safety. OPG also proposes future verification and research
programs to reduce those uncertainties.
The following documents were submitted as the main support for the long-term
safety case:


Postclosure Safety Assessment [14]
o Supporting Documents:



•

Analysis of the Normal Evolution Scenario [15]

•

Analysis of Human Intrusion and other Disruptive
Scenarios [16]

•

Groundwater Modelling [17]

•

Gas Modelling [18]

•

System and its Evolution [19]

•

Features, Events and Processes [20]

•

Data [21]

Geosynthesis [22]
o Supporting Documents:
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Regional Geology [23]

•

Regional Geomechanics [24]

•

Regional Hydrogeochemistry [25]

•

Seismic Hazard Assessment [26]

•

Three Dimensional Geological Framework Model [27]

•

Long-term Geomechanical Stability Analysis [28]

•

Glacial Erosion Assessment [29]
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•

Karst Assessment [30]

•

Hydrogeologic Modelling [31]

•

Excavation Damaged Zone Assessment [32]

•

Analogue Study of Shale Cap Rock Barrier Integrity [33]

•

Neotectonic Features and Landforms Assessment [34]

•

Outcrop Fracture Mapping [35]



Descriptive Geosphere Site Model [36]



Preliminary Safety Report (Facility Description and Design) [13]



Reference Low and Intermediate Level Radioactive Waste Inventory [37]

The following sections describe the safety arguments for each class shown in
figure 2.2-1 (found on page 6).

3.1

Safety Assessment
The safety assessment quantifies the postclosure impact of the repository system
on human health and the environment. This impact was compared to protection
criteria that were proposed following the guidance provided in G-320 [5]. The
future evolution of the DGR Project system was assessed through a Normal
Evolution Scenario and four Disruptive Scenarios.
Based on the results of the above safety assessment and further described below,
OPG provided the following arguments for the long-term safety of the DGR
Project:
1. A large margin of safety exists under the Normal Evolution Scenario.
The calculated postclosure impacts to humans and non-human biota will be
insignificant.
2. The DGR system is robust against disruptive events. The calculated impacts
from Disruptive Scenarios (Human Intrusion, Failed Shaft,
Undetected/Reactivated Fault Zones at variable distances from the repository,
Poorly Sealed Borehole) result in acceptable levels of risk.
3. Conservative assumptions are used in the safety assessment. The safety
assessment uses multiple conservative assumptions in the input parameters or
in the evolution of the DGR Project system.
4. A systematic procedure was used to build confidence in the numerical models.
The safety assessment was performed by means of a suite of computer codes
that numerically solve the equations resulting from mathematical models that
describe the mechanisms responsible for contaminant release, migration in the
geosphere, distribution in the biosphere and impact on receptors. These
mechanisms are dependent on not only the initial characteristics of the
repository system (that includes the wastes, repository design, host rock) but
also on their evolution during the assessment time frame.
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Criteria
In pre-licensing letters [38-43], CNSC staff have accepted OPG’s proposed
protection criteria, which follow the guidance of G-320 [5].
The criteria for public radiological exposure are as follows:


dose constraint 0.3 millisievert (mSv) per year to critical group



optimization below dose constraint



doses are calculated for average adult member of the critical group(s)



assessment encompasses the time of maximum calculated impact

This acceptance by CNSC staff was based on G-320 [5], the 2007
Recommendations of the International Commission on Radiological Protection
[44] and IAEA Geological Disposal of Radioactive Waste, Safety Requirements
No. WS-R-4 [45].
CNSC staff accepted the following criteria for public radiological exposure for
Disruptive Scenarios, including Human Intrusion:


dose criterion of 1 mSv per year for credible scenarios (the current public dose
limit for CNSC licensed facilities)



any scenario with calculated doses exceeding 1 mSv per year are examined on
a case-by-case basis taking into account the likelihood and nature of the
exposure, uncertainty in the assessment, and conservatism in the dose criterion

In June 2009 [42], the criteria for radiological substances for non-human biota
were defined as follows:


criteria are based on dose benchmarks developed for assessment of priority
substances in relation to discharge of radionuclides from nuclear facilities

In March 2010 [43] the criteria for non-radiological substances for both human
and non-human biota were defined as follows:


non-radiological contaminants – Criteria are based on Canadian guidelines
values for concentrations in environmental media relevant to human health
and environmental protection, supplemented as needed

3.1.1 Normal Evolution Scenario
After closure, in the Normal Evolution Scenario, the repository will quickly
become anaerobic (oxygen depleted). The repository will start to fill very slowly
with water seeping in from the shafts and the surrounding rocks. The slow
anaerobic degradation of the wastes and its packages will result in the generation
of gases, especially methane (CH4). The repository will remain mostly
unsaturated, and the gas pressure will eventually equilibrate with the pressure
exerted by the pore water around the facility. As the wastes degrade, carbon-14
and tritium will be released mostly as gas. Other contaminants will be released
into water accumulating at the bottom of the repository. The majority of

e-DOC 4117984 (WORD)
e-DOC 4169715 (PDF)

- 10 -

19 July 2013

13-P1.3A

UNPROTECTED

contaminants will be contained within or near the repository by the low
permeability host rock and shaft seals, where they will decay over time.
Over timescales of many thousands of years some contaminants may very slowly
migrate via the sealed shafts and geosphere into the shallow geosphere, and then
into the surface environment. People living on or near the site could potentially be
exposed to these contaminants through the use of groundwater drawn from a well,
through the use of local land for farming and hunting, and through fishing in the
lake. Over long timescales, glaciation could return, with ice-sheets covering the
site with a periodicity of around 100,000 to 120,000 years. This would result in
significant changes in the surface and shallow geosphere. However, the deep
geosphere would remain largely unaffected, as was the case during past
glaciations. The region around the Bruce nuclear site is tectonically stable. Large
earthquakes are very unlikely. The host rock is strong, and small earthquakes will
have little effect. The primary effect of large earthquakes may be rockfall in the
repository, which will continue until the rooms and tunnels have filled. On long
time scales, the radioactivity of the waste will decay to less than the natural
radioactivity of the rock directly overlying the repository.
Variants of the Normal Evolution Scenario were provided by OPG. These variants
examine alternative conditions and parameter values to investigate the effects on
the simulation results of: measurement uncertainties; interpretation alternatives;
uncertainties in the evolution of the biosphere; and simplifications/assumptions
adopted to make the simulations computationally traceable. All variants of the
Normal Evolution Scenario result in calculated peak annual doses to humans that
are at least five orders of magnitude smaller than the 0.3 mSv per year design
target. These calculated doses are much lower than the typical natural background
radiation dose near the Bruce nuclear site of 2.02 mSv per year. In the majority of
the variants of the Normal Evolution Scenario, the peak dose occurs beyond one
million years after closure. In all variants, concentrations of radionuclides and of
non-radionuclide contaminants in surface media are well below the relevant
environmental protection criteria. Figure E.1 of the Postclosure Safety
Assessment: Analysis of the Normal Evolution Scenario [15], which is not
reproduced in this PMD, provides a graphical explanation of this assessment.
3.1.2 Disruptive Scenarios
3.1.2.1

Human Intrusion Scenario

This Scenario considers the impact of inadvertent human intrusion into the
repository via an exploration borehole at some time in the future. Contaminants
are released and humans are exposed to contaminated gas and drill core. In a
variant of this Scenario, should the exploration borehole be poorly sealed and
penetrate through to the pressurized Cambrian below the DGR Project horizon
(see figure 3.2-1 in section 3.2.2), contaminated groundwater could also be
released to the shallow geosphere and result in the exposure of people using the
groundwater.
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In the Human Intrusion Scenario, the calculated peak doses could be about 1 mSv
for the drill crew and about 1 mSv per year to a future person permanently
farming on the contaminated site if the contamination was not detected or
remained unremediated. These doses were estimated for the case when the
intrusion event is assumed to occur three hundred years after closure, when
institutional control is assumed to have ceased. The possible dose received from
this inadvertent human intrusion will decrease with time, especially after
60,000 years due to decay of carbon-14 and niobium-94 (Nb-94).
In the variant of the Human Intrusion Scenario, where the exploration borehole
reaches the Cambrian and the borehole is not properly sealed, a peak dose of
30 mSv per year was calculated to a local resident living on top of the shaft. It is
unlikely that an exploration borehole that reaches the repository, resulting in
radioactive materials being retrieved, would be continued deeper to the Cambrian.
Furthermore, a borehole that reaches the Cambrian would be overpressurized and
would be under artesian conditions. It is very unlikely that such a borehole would
be unproperly sealed after the exploration crew leaves the site. Those individual
events have low probability; therefore the probability for scenario which is made
up of a combination of those events would be even lower as dictated by the rule of
conditional probability.
3.1.2.2

Severe Shaft Seal Failure Scenario

This scenario considers the consequences of rapid and complete seal degradation
in the main and ventilation shafts. Otherwise, the evolution of the DGR Project
system for this Scenario is the same as the Normal Evolution Scenario.
In the Severe Shaft Failure Scenario, all shaft seal materials over the entire length
of the shafts were assumed to unexpectedly fail to about 2-3 orders of magnitude
from their design value (i.e., to about 10-9 m/s hydraulic conductivity). In this
scenario, the calculated doses to a person living on top of a repository shaft would
reach around 1 mSv per year, which is the public dose criterion. The dominant
exposure pathway in this scenario is inhalation of carbon-14 in the interior air of a
house sitting on a shaft. The likelihood of constructing a house on top of a
repository shaft cannot be assessed, but is probably low. The degradation of the
shaft sealing materials to the extent assumed is also highly unlikely. Research
being conducted on the long-term longevity of shaft seals by both the CNSC and
the NWMO, as well as internationally, should provide insight into the likelihood
of severe degradation of shaft sealing materials. Two shafts are included in the
design of the DGR, however, the safety assessment conducted for the present
scenario conservatively considers a single equivalent shaft to make the
calculations more tractable. Assuming that any contaminants that escape the vault
will migrate up one equivalent shaft, instead of being divided between two shafts,
will tend to overestimate the concentrations and resulting impacts.
A variant to the Severe Shaft Failure Scenario is a case of extreme failure, where
the shaft seal material through the length of the shaft fails with an increase in
hydraulic conductivity of 10,000 (4 orders of magnitude change) and becomes
equivalent to a sandy silt material. The peak dose in that case reaches a value of
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80 mSv per year, however such extreme deterioration is considered to be very
unlikely.
3.1.2.3

Poorly Sealed Borehole Scenario

This Scenario considers the consequences of a poorly sealed deep site
investigation borehole in close proximity to the DGR Project. The evolution of
the DGR Project system and associated exposure pathways and groups are similar
to those considered in the Normal Evolution Scenario. The key difference is that
the borehole provides an enhanced permeability connection between the level of
the repository, the overlying groundwater zones and the surface environment. The
borehole is assumed to be 100 m from the DGR Project, consistent with the
nearest existing borehole.
The Poorly Sealed Borehole Scenario results in a peak dose of
4x10-8 mSv per year which is seven orders of magnitude below the acceptance
criterion of 1 mSv per year.
3.1.2.4

Vertical Fault Scenario

The Vertical Fault Scenario considers the hypothetical case of “what if” a
transmissive vertical fault exists, either undetected or representing the
displacement of an existing structural discontinuity, which propagates from the
Precambrian into the intermediate depth Silurian rocks in close proximity to the
repository. Such a fault could provide an enhanced permeability pathway that
permits the low-permeability deep geosphere to be bypassed. The fault is assumed
to be 500 m to the northwest of the repository, i.e., beyond the area considered in
detail in the site investigation program. An alternative location, 100 m southeast
from the repository, is also considered.
The Vertical Fault Scenario would result in a peak dose of 5x10-10 mSv per year
which is nine orders of magnitude below the acceptance criterion of
1 mSv per year.
3.1.3 Conservatism in the Safety Assessment
The safety assessment uses many conservative assumptions, especially when there
is uncertainty in the input parameters or in the evolution of the DGR Project
system, as shown in table 3.1-1 on the following page.

e-DOC 4117984 (WORD)
e-DOC 4169715 (PDF)

- 13 -

19 July 2013

13-P1.3A

UNPROTECTED

Table 3.1-1

Conservative Assumptions in the Safety Assessment

Assumption

Reason Why it is Conservative

Containers do not provide any
barriers to contaminant release.

It is likely that the containers will provide
some containment. However, it is not
known for how long this containment will
last so it was not considered in the
assessment.

Instant release of most
radionuclides on contact of waste
with water.

Radionuclides in the waste forms can be
either released instantaneously or slowly
with time. It is conservative to assume that
the only mode of release is instantaneous.

Tritium and carbon-14 are released Microbes need water to generate carbon-14
as gases even if there is little
and tritium gas, but the availability of
water.
water has been shown to be limited at
depth. It is conservative to assume that
water will not limit tritiated water (HTO)
and carbon-14 generation especially for the
Disruptive Scenarios where carbon-14 and
HTO are important dose contributors.
Water consumption by chemical
reactions is not included in the
repository water balance.

Water is needed for microbial activity and
waste degradation. OPG assumed that
water would not be consumed by other
processes and would always be available.
This would consequently maximize
degradation rates and releases of gaseous
contaminants.

Solubilities and sorptions are
either neglected or conservative
values assumed.

Sorption reduces the rate of contaminant
migration. The solubility of a given
substances is constrained by the water
chemistry and its own solubility in the
solvent. The solubility of all elements,
except carbon, is taken to be unlimited in
all packages [21], which will lead to high
release rates and hence, high conservatism.

e-DOC 4117984 (WORD)
e-DOC 4169715 (PDF)

- 14 -

19 July 2013

13-P1.3A

UNPROTECTED

Assumption

Reason Why it is Conservative

Wastes degrade completely, with
maximum production of
radioactive gas

Wastes are degraded by microbes.
Microbial activity is however limited by
the low water availability and its high
salinity at the repository horizon.
Assuming that wastes will completely
degrade under these conditions is therefore
very unlikely and hence this assumption is
conservative. Assuming that all wastes will
degrade into radioactive gas will lead to
maximum release rates of gas and hence
would be very conservative.

Shaft Excavation Damage Zone
(EDZ) is based on the largest shaft
EDZ dimension calculated by
geomechanical modelling for a
particular rock formation, but is
applied for the entire shaft.

The geomechanical model conservatively
assumes a very low value for long-term
rock strength. It predicts dimensions and
extent of the EDZ that depend on that
strength and the assumed in-situ stress. The
EDZ could be a preferential flow path. The
Safety Assessment conservatively assumes
an EDZ for the entire shaft with the largest
extent as predicted from the geomechanical
model.

EDZ does not self-seal with time,
such as from creep or precipitation
processes.

Argillaceous sedimentary rocks usually are
self-healing, e.g., cracks that are formed in
the formations tend to close in the
long-term either by creep, precipitation of
minerals, in-situ stresses, or the expansive
nature of clay minerals. An EDZ sealed by
such processes has a permeability that
might not be much different from the intact
rocks.
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Assumption

Reason Why it is Conservative

The Cambrian overpressure is
steady throughout the calculation;
while many calculations neglect
the underpressures from above.

The overpressure in the Cambrian results in
a higher hydraulic gradient that increases
the rate of groundwater flow to the surface.
It is uncertain when this overpressure
would dissipate. It is thus conservative to
assume that it persists during the whole
assessment period. The underpressure
around the repository horizons on the other
hand creates a sink: groundwater would
flow towards the repository instead of
away from it. Paleohydrological
information and modelling indicate that the
underpressure will likely persist for very
long periods of time. However, many
calculations in the safety assessment
conservatively ignore the sink effect
produced by this underpressure.

No horizontal groundwater flow in
the intermediate groundwater zone
for reference case of normal
evolution scenario.

Horizontal groundwater flow in the
Intermediate Bedrock Groundwater Zone
would divert contaminant transport from
the shafts/EDZs laterally and reduce the
amount of contamination migrating to the
Shallow Bedrock Groundwater Zone, and
hence to the receiving environment above
the repository. It would further provide
dispersion, dilution and time for decay of
contaminants. The assumption of no
horizontal groundwater flow thus leads to a
conservative dose calculation.

A self-sufficient farming family is
living directly on top of the
repository, drawing water from a
groundwater well placed
downstream from the repository

This receptor location would result in a
conservatively high calculated dose, as
does the assumption of a “self sufficient”
family.

Damage or degradation occurs at
time of closure – e.g., all rockfall,
container failure, concrete
degradation, and shaft seal
degradation

These assumptions result in the highest
impact for the scenarios under
consideration.
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3.1.4 Confidence in Numerical Models
Many numerical models were used in the safety assessment for the long-term
safety case. While the levels of sophistication of the models vary, the overall
confidence in the numerical modelling results can be drawn from the following
summarized multiple lines-of-evidence:


investigation of the same scenario using alternate conceptual models and
alternate descriptions of the model boundary conditions



use of widely-accepted codes that are widely published in peer-reviewed
journal papers, conference papers, and book chapters



use of standard conceptual / mathematical models such as those of the
Canadian Standards Association



use of input data derived from the site characterization program



comparison of results with field and laboratory derived data



use of conservative assumptions and parameters



sensitivity analyses to investigate the range of possible values for each
parameter



development of models under a formal quality assurance (QA) system, with
peer review at interim and final stages



participation in international benchmarking exercises and confirmation with
standard scenarios (a scenario in which the solution is already known)



large safety margin in results

Together these multiple lines of evidence provide us with confidence in the
numerical models and codes.
The following is a list of the main numerical models related to the long-term
safety case that were used by OPG for the DGR Project, along with their key
functions:


3DGFM – a conceptual three dimensional (3-D) model of bedrock
stratigraphy (also called “3DGF model”).



FRAC3DVS-OPG – an OPG QA controlled version of the FRAC3DVS code.
It simulates 3-D density-dependent flow and solute transport in variably
saturated porous media. It is used to conduct hydrogeologic analyses at
different scales to develop and test the understanding of long-term shallow,
intermediate and deep groundwater system properties and behaviour relevant
to illustrating DGR Project safety.



TOUGH2-MP – a computational model to describe multi-phase,
multi-compositional flow in porous and fractured media. It is used to test the
hypothesis that the observed formation under-pressures in the deep bedrock
sediments can be described by the presence of an immiscible gas phase in the
low-permeability rock.
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MIN3P – a numerical finite-volume model for simulating transport and
reaction processes in groundwater. It is used to model natural environment
tracer profiles.



FLAC3D - a widely used, explicit, finite difference 3-D code for advanced
geotechnical analysis of soil, rock and structural response and design in
geotechnical, civil, petroleum and mining engineering. It was used in the shaft
seal and EDZ analysis.



T2GGM - combines TOUGH2 and GGM. TOUGH2 is an industry standard
numeric code for two-phase (gas and liquid) flow while GGM is a DGR
Project-specific code to calculate gas generation and water consumption. It is
used to model gas generation and consumption reactions in the repository, and
the flow of gas and groundwater in the geosphere and engineered barrier
system.



AMBER - a compartment modelling approach based code. It is used to
calculate postclosure contaminant release, migration and impacts from the
DGR Project.



GMS - stands for Glacial Systems Model. It was used to compute the
evolution of glacial events.



UDEC - stands for Universal Distinct Element Code. It was used to analyze
long-term stability of DGR Project emplacement room caverns.



ORIGEN-S calculates radionuclides in refurbishment waste to within a factor
of three in general, and actinides much more accurately; and zirconium (Zr)
and niobium (Nb) within 30% for a specific irradiation history.

The majority of these codes (FRAC3DVS, TOUGH2-MP, MIN3P, FLAC3D,
AMBER, UDEC and ORIGEN-S) are used within the international community.
The other codes (FRAC3DVS-OPG, 3DGFM, T2GGM, and GMS) are codes
used by OPG that have been extensively peer reviewed.

3.2

Geosphere Attributes
Through a review of regional data and a Geoscientific Site Characterization
Program (GSCP), OPG concluded that the DGR Project site possesses the
following favourable geosphere characteristics that provide additional and
complementary arguments to those derived from the safety assessment to support
the long-term safety case. These favourable geosphere characteristics are
identified as:
1. Stability, predictability and sufficient thickness and lateral extent of
geological formations.
2. Sufficient thickness of low permeability rock both above and below the
DGR Project.
3. Contaminant transport in the host and cap rocks is diffusion dominated.
4. The site is seismically quiet.
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5. Geomechanical stability of underground openings.
6. Low potential for natural resources.
7. Shallow groundwater resources are isolated from groundwater at depth of
repository.
Sedimentary strata that are intended to contain and isolate radioactive waste
within the proposed DGR Project were deposited in the Michigan Basin over a
200 million year (Ma) interval between approximately 500 and 300 Ma ago
during three distinct episodes. Existing regional geological, geochemical,
geomechanical and hydrogeological knowledge about the sedimentary strata was
compiled by OPG. The existing regional data were used to formulate hypotheses
concerning the existence of favourable characteristics for hosting a DGR Project.
A GSCP was then designed and implemented in order to confirm the hypotheses,
and also to obtain the necessary information to input into the design of the
DGR Project and the safety assessment.
3.2.1 Geoscientific Site Characterization Program
The GSCP was conducted to characterize the subsurface through drilling, testing
and seismic reflection surveys. Subsurface characterization was performed from
the ground surface and has shown the absence of any large scale underground
excavation. Most of the geoscientific data gathered during site characterization
were obtained from four deep vertical boreholes (DGR-1, DGR-2, DGR-3 and
DGR-4), two deep inclined boreholes (DGR-5, DGR-6) that penetrate the rock
formation and three shallow boreholes (US-3, US-7, US-8) within the upper
200 m of the site. With the exception of US-8, boreholes were continuously cored,
logged and subject to borehole geophysical logging. Straddle-packer hydraulic
testing was conducted on all boreholes. Multi-level groundwater monitoring
systems were in place in the vertical boreholes enabling long-term pressure
monitoring and groundwater sampling.
Some statistics of the GSCP include:


4,962 m of core were drilled



3,804 m of continuous core were collected and logged



6,276 m of borehole were logged geophysically



2,425 m of borehole were subject to detailed hydraulic testing in
89 straddle-packer tests



Field geomechanical testing (point load tests, slake durability tests,
P- and S-wave velocity tests) was performed on 707 core samples



1,214 samples were studied by geological, petrophysical and
hydrogeochemical testing



Two dimensional seismic reflection surveys were carried out, covering
19.7 km (on site, total)
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3.2.2 Results of the Geoscientific Site Characterization Program
The results of the GSCP were compiled in the Descriptive Geosphere Site Model
(DGSM) report [36]. Figure 3.2-1 shows some of the results of the DGSM - the
stratigraphy and hydrogeological regimes at the DGR Project site.
These results, together with regional information, were used in the Geosynthesis
report [22] that incorporates documented geoscientific characteristics of both the
site and the region, over both the geologically long and recent human timescales,
to make predictions about the future conditions at the site. In summary, the
following geoscientific characteristics were discussed in the reports submitted by
OPG.
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Figure 3.2-1 Stratigraphy and Hydrogeological Regimes at the
DGR Project Site

3.2.2.1

Predictable Geometry and Sufficient Lateral Extent of
the Geological Formations

There are 34 distinct sedimentary bedrock formations, members, or units
(not including the Precambrian basement and Quaternary overburden), reaching a
depth of 860 m on site. They are described in the DGSM as “remarkably” uniform
over a distance of up to 1318 m. On average, bedding orientation on site is
consistent with orientations in the Regional Study Area (RSA)
(strike/dip 160°/0.6° to the south west).
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Rock Quality

The uppermost Devonian and Upper Silurian dolostones (above a depth
of ~169 m, see figure 3.2-1) are moderately to highly fractured, with poor to fair
Rock Quality Designation3 (RQD) values. Deeper Silurian formations
(below Salina G), Ordovician units overlying the proposed DGR Project, the
Ordovician host (the Cobourg Formation) and limestones below the host are said
to be sparsely fractured with excellent RQD values.
3.2.2.3

Groundwater Characterization (Shallow / Intermediate /
Deep)

OPG conceptualized the subsurface profile into nine hydrostratigraphic groups
based on similarity of properties. For each group, estimates of vertical and
horizontal hydraulic conductivities, specific storage, total porosity, hydraulic
gradients, vertical and horizontal effective diffusion coefficients, diffusion
porosity and major ion and isotope chemistry of groundwater/porewater were
provided for all of the hydrostratigraphic units. This information is summarized in
the DGSM in order to demonstrate that the shallow groundwater system is
isolated from the deep groundwater system, and can be expected to remain so for
a geologically long period of time.
The stratigraphic units beneath the Bruce nuclear site have been directly related to
the hydrogeological system. They form three distinct regimes, characterized by
differing chemistries and hydraulic conductivities. While hydraulic conductivities
in the shallowest units (see figure 3.2-1) are high, the hydraulic conductivities in
the Ordovician rocks at, above, and below the horizon of the proposed repository
are very low. Furthermore, hydraulic gradients in the Salina formations, which
immediately overlies what is referred to as the “cap rock” (the upper Ordovician
formations), is dominated by horizontal flow being greater than vertical flow.
Groundwater and porewater chemistry varies from fresh in the shallow regime to
dense brine in the deeper regime. The geochemical profile preserved by the
porewaters in the rocks beneath the Bruce nuclear site likely reflects an ancient
regime, which has resisted any perturbation for hundreds of millions of years.
The intermediate zone is interpreted as a zone of mixing between the two. The
specifics of the groundwater regime are as follows:
The Shallow Bedrock Groundwater Zone
This zone includes the Devonian and Upper Silurian dolostone sequence of the
Lucas, Amherstburg, Bois Blanc and Bass Islands Formations. The direction of
groundwater flow is westward to a point of discharge near shore in Lake Huron.
The Intermediate Bedrock Groundwater Zone
This zone includes the dolostone and shale sequence of the Salina, Guelph, Goat
Island, Gasport, Lions Head, Fossil Hill, Cabot Head and Manitoulin Formations.
The formations are dominantly of low permeability; movement of pore water is
3

Rock Quality Designation is a rough indication of the amount of jointing - higher RQD values (as
percentages) is a better quality rock, i.e., less fractures
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very slow and mass transport is considered to be diffusion dominated due to the
very low permeability. The Guelph and Salina A1 Upper carbonate are relatively
more permeable, although flow is limited by the low hydraulic gradients. Total
dissolved solids (TDS) generally increase with depth down through the zone.
The Deep Bedrock Groundwater Zone
This zone is associated with the low permeability Ordovician shales and
limestones and the underlying Cambrian sandstones and Precambrian granitic
gneiss. Within the Ordovician sediments, movement of pore water is very slow
and mass transport is considered to be diffusion dominated due to the very low
permeability of the rock. Although the Cambrian is relatively more permeable,
flow here is limited by the low hydraulic gradient. The proposed repository is to
be located in the Deep Bedrock Groundwater Zone at a depth of around 680 m
within the argillaceous limestone of the Cobourg Formation.
3.2.2.4

Geomechanical Characteristics

OPG has grouped the stratigraphy into five layers on the basis of similar rock
properties. The geomechanical characteristics of the rock material were
determined from the testing of intact drill core. Measured properties include:
short and long-term uniaxial compressive strengths; triaxial compressive strength;
indirect tensile strength; direct shear strength; slake durability; free swell
behaviour; abrasiveness, and elastic properties (elastic and shear modulii,
Poisson’s ratio). The geomechanical characteristics of the rock mass that were
determined include dynamic elastic and shear modulii, RQD, natural fracture
frequency, and bulk rock properties. The results of this geomechanical
characterization indicate that the rocks at the proposed DGR Project site are of
better quality than what has been inferred for the same rocks in the region (on the
basis of historic drill core). This quality of rock at the Bruce nuclear site allows
for the construction of stable underground openings, which will remain so for the
duration of the facility's operation, and also ensures that the EDZs will not extend
into the shale "cap rock" after closure.

3.3

Repository System Design and Attributes

3.3.1 Repository Design
The repository is planned for development at a depth of 680 m in the argillaceous
limestone layer using proven construction techniques. The rooms would be
established within two panels that are oriented with respect to the in-situ stress
directions in such a way as to minimize stress development to the surrounding
rock during construction. The wastes to be disposed in the repository consist of
low- and intermediate-level radioactive wastes from OPG’s owned Canada
Deuterium Uranium (CANDU) Nuclear Power Plants. The rooms and shafts
would be built using well known and proven conventional mining technology.
The emplacement rooms will be separated from the exhaust ventilation tunnel by
a wall containing an access door and ventilation control. Access to the
emplacement room may be controlled, if needed, by a partial wall built after the
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room has been filled between the room and access tunnel. Emplacement rooms
will not be completely sealed, nor will they be backfilled to minimize the effects
of generated gas pressure. The panels will be closed off from the main access and
ventilation tunnels by a wall designed to withstand some pressure. Containment of
radionuclides in the long-term will be provided by the multiple layers of low
permeability rock, and the shaft seals.
3.3.2 Waste Inventory
The projected total emplaced volume will be about 200,000 m3 of packaged
low- and intermediate-level radioactive wastes from the operation and
refurbishment of OPG owned reactors. This corresponds to about 53,000
containers holding 170,000 m3 of radioactive waste. About 84% of the emplaced
volume is low-level waste.
The total radionuclide inventory in the low- and intermediate-level radioactive
wastes is estimated to be 17,000 terabequerel (TBq) at repository closure (planned
for 2062). Most of this total is attributed to tritium, carbon-14, cobalt-60,
niobium-94 and nickel-63.
While there is some uncertainty associated with the radionuclide inventory, OPG
states the assessment has provided it reasonable assurance that the radiological
dose criteria will not be exceeded at anytime in the future. This conclusion is
based on a number of conservatism appropriately accounting for uncertainties.
Uncertainties in the radionuclide inventory are taken into account separately by
assessing the potential impact of having 10 times more waste when assessing the
Normal Evolution Scenario. A discussion on uncertainties is provided in
section 5.1.2.3 of this PMD.
3.3.3 Proponent Conclusions on Repository Design and Characteristics
Based on the above repository design and characteristics, OPG provides the
following safety arguments:
1. The repository will be located at a nominal depth of 680 m.
o Internationally, such a depth is usually associated with high level
waste disposal. Much shallower depths are considered for low and
intermediate level wastes.
2. The radioactivity of the wastes at closure will be lower than the natural
radioactivity of the known high grade ore body being extracted at the
McArthur River Uranium Mine in Saskatchewan; and radioactivity will
decrease due to decay.
3. Generated gas pressure will be lower than the overburden stress, and will
likely be lower than the hydrostatic pressure.
o This will ensure that gas migration would occur very slowly in the
long-term, mainly by diffusion processes
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4. The repository will not likely fully resaturate within a million years.
o The availability of water, necessary for the dissolution of
radionuclides from the wastes, is thus restricted.
5. Geomechanical damage from construction and future perturbations will not
extend into the shale cap rock.
6. Shaft seals will mainly consist of chemically stable (bentonite/sand) material.
7. Shaft seals will be designed and constructed to minimize the potential flow
along the EDZ and in the high permeability formations.
8. Proven construction techniques will be used to minimize the damage to the
host rock.

4

CNSC STAFF ASSESSMENT
CNSC staff examined the weight of evidence in support of each of the long-term
safety arguments presented by OPG. The results of CNSC staff assessment are
divided into the three main classes, those related to safety assessment; those
associated with the geosphere characteristics; and those associated with the
repository design and characteristics. CNSC staff note that these classes of
arguments are interrelated and cannot be considered on their own. The three
classes of main safety arguments are assessed together to determine the
confidence that isolation and containment can be achieved. As an example, and as
noted in section 2.2.2, the safety assessment requires input from the geosphere
and the repository design and characteristics in order to provide a quantitative
estimate of impacts on the biosphere.

4.1

Safety Assessment
Overall, CNSC staff reviews indicate that OPG has presented credible arguments
in the safety assessment. In particular, all calculated doses from the Normal
Evolution Scenario and its many variants are at least five orders of magnitude
below acceptance criteria.
The Disruptive Scenarios (Human Intrusion, Failed Shaft Seals, Undetected
Vertical Faults, and Poorly Sealed Borehole) consider the case where one of the
two barriers (the geosphere or shaft seals) fails. CNSC staff concluded that the
four scenarios proposed are sufficient to assess the risk as they are considered
bounding scenarios. The calculated doses from these scenarios were found to
result in acceptable risk, and are in line with CNSC Regulatory Guide G-320 [5]
and the EIS Guidelines [6].
Conservative assumptions, alternate models, site specific data, sensitivity
analysis, verification/validation, and QA/QC (quality assurance/quality control)
procedures are applied in the safety assessment, providing confidence that the
calculated impacts would likely be overpredicted in most cases. The safety
assessment was performed in accordance with G-320 [5] and the general
guidelines of other international standards as listed in section 2 of this PMD.
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As recommended in G-320 [5], OPG’s safety assessment was peer-reviewed by a
group of international experts. CNSC staff find the process used by OPG in the
Safety Assessment to be acceptable.
The DGR Project system can also be considered robust, since Disruptive
Scenarios do not result in unacceptable risk, as explained further below.
4.1.1 Human Intrusion Assessment
The calculated doses for human intrusion at 300 years are similar to the natural
background radiation dose rate, which would have no health impact on the
environment, including Lake Huron, and human health. This scenario is
considered to be unlikely, and the scenario meets the DGR Project risk criterion
of 1 mSv per year. This scenario also includes several additional conservative
assumptions such as: higher contaminant concentrations in the wastes retrieved to
the surface by the drill core than the average waste in the repository; and a cleanup of a sufficiently large volume of this waste to permit a large enough area for
self-sufficient living to take place in a contaminated area is not completed. Taking
these conservative assumptions into account would further reduce the risk
assessed for this scenario. This scenario then does not result in significant adverse
effect to human health and the environment, including Lake Huron.
4.1.2 Failed Shaft Scenario Assessment
The Failed Shaft Scenario also results in peak doses around the maximum
effective dose criterion of 1 mSv per year and below background radiation doses
which would lead to no impacts to the environment, including Lake Huron, and
human health. The dominant exposure pathway in this scenario is the inhalation
of carbon-14 from the interior air of a house sitting on a shaft. Shaft failures were
conservatively assumed to occur over their full length at the time of closure; due
to the decay of carbon-14, the calculated dose would be lower should failure
occur at a much later date. The likelihood of constructing a house on top of a
repository shaft cannot be assessed, but is most likely low particularly at closure
when institutional controls will be in place. The degradation of the shaft sealing
materials to the extent assumed is also highly unlikely. The materials identified
for the shaft seals (mainly bentonite) are common, naturally-occurring materials
which are known to be stable in nature and have a long history of engineering use.
Research being conducted on long-term longevity of shaft seals by both the
CNSC and the NWMO should provide insight into the likelihood of severe
degradation of shaft sealing materials. Furthermore, the conservative assumption
of a single equivalent shaft means that the calculated dose would be conservative
since there are two shafts planned that would conduct the carbon-14 to the
surface. This scenario, then, does not result in significant adverse effects to the
environment.
4.1.3 Poorly Sealed Borehole and Vertical Fault Assessment
The Poorly Sealed Borehole and Vertical Fault Scenarios both result in peak
doses orders of magnitude below the acceptance criterion of 1 mSv per year.
However, with respect to the Vertical Fault Scenario, there are uncertainties
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associated with the location and distance of the assumed fault with respect to the
repository. Uncertainties are discussed in section 5.1.2. However, because of the
very low doses, effects to the environment, including Lake Huron and to human
health are considered not likely to be significant.
4.1.4 Uncertainties in the Assessment
As with any safety assessment, there are uncertainties. These uncertainties were
identified by OPG, and were considered in an acceptable manner. The handling of
uncertainties is discussed in section 5.1 (Discussion of Uncertainties).

4.2

Geosphere Attributes
As noted in section 3.2, OPG concluded in their submissions that the DGR Project
site possesses the following favourable geosphere characteristics that provide
additional and complementary arguments to those derived from the safety
assessment:
1. Stability, predictability and sufficient thickness and lateral extent of
geological formations.
2. Sufficient thickness of low permeability rock both above and below the DGR
Project.
3. Contaminant transport in the host and cap rocks is diffusion dominated.
4. The site is seismically quiet.
5. Geomechanical stability of underground openings.
6. Low potential for natural resources.
7. Shallow groundwater resources are isolated from groundwater at depth of
repository.
The following seven sections provide CNSC staff assessment of these geosphere
characteristics.

4.2.1 Stability, Predictability and Sufficient Lateral and Vertical Extent of
Geological Formations
Stability
The last significant tectonic event recorded in the proposed host rocks occurred
approximately 250 Ma ago.
Geological stability is one of the most important attributes that provides
confidence in long-term containment and isolation. CNSC staff found that there is
sufficient evidence to support a conclusion that the site is geological stabile based
on the following:


The last tectonic process ended approximately 250 Ma ago (see figure 2.1-1),
the end of Appalachian mountain building. During the last million years, the
major active geological processes are linked to glaciation. Approximately nine
glacial cycles have occurred during this period, each lasting approximately
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120 thousand years. Paleohydrogeological evidence shows that
Thermal-Hydrological-Mechanical-Chemical (THMC) regimes at depths of
more than 500 m have remained largely unaffected by these cycles. The
THMC stability of rock formations at depths greater than 500 m, in relation to
influences of past and future glacial cycles, was confirmed by mathematical
modelling performed independently through CNSC’s research program [11].
In particular, the mathematical modelling shows that despite the large
mechanical loads and hydraulic gradients induced by the glaciers, the deep
ancient groundwater remains isolated from shallower waters and the rocks at
depths of more than a few hundred metres remain structurally stable. These
findings are confirmed by the geochemical and geomechanical investigations
that OPG has performed at the site.


The site is in a seismically quiet area.



The deep groundwater is ancient, reflecting that the deep groundwater system
has been isolated from glacial perturbation and has not experienced mixing
with the shallow groundwater regime.

Predictability
The ability to predict the stratigraphy at the site from regional borehole
information would provide additional confidence that the near horizontal layering
of the geological facies have not been offset by vertical faults. The 3DGFM is the
principal tool used to demonstrate the predictability in lateral continuity, depth,
thickness, and configuration of the geological formations within the RSA
(35,000 km2). The model incorporates information from historic petroleum
exploration and development wells and from digitally available bedrock maps and
Ontario Geological Survey (OGS) open file report 6191. Three model validation
tests were performed:
1. A statistical analysis done using 67% of the wells that intersect the Sherman
Fall formation, by creating a formation surface that excluded the other 33%
and then comparing the real data of the excluded wells to those predicted in
the test. The trend between actual versus predicted data yielded an R-squared
value of 0.99.
2. A blind test was used to predict the geology of DGR-4 prior to drilling.
3. The stratigraphy documented from the DGR-7 and DGR-8 boreholes, which
were drilled after the construction of the 3DGFM, is consistent with the model
– providing additional information on model accuracy.
While there remain uncertainties and inconsistencies surrounding OPG’s
assessment of geological predictability on a regional scale, as will be discussed
later in section 5.1, CNSC staff have sufficient information to concur with OPG’s
assessment of the predictability of the site. However the uncertainties are not of a
nature to preclude conclusions that there are no predicted significant adverse
effects on the environment, including Lake Huron, and human health.
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4.2.2 Sufficient Thickness of Low Permeability Rock both Above and
Below the DGR Project
There are multiple layers of low permeability rock at, above and below the
proposed repository horizon that provide redundancy in the barriers that would
restrict the movement of gas and groundwater.
CNSC staff consider that OPG has provided sufficient evidence in support of this
argument. The interpretation of data from field packer tests indicates that the host
rock (the Cobourg limestone) horizontal hydraulic conductivity is of the order of
10-14 m/s, and is overlain by layers of Blue Mountain, Georgian Bay and
Queenston shales with horizontal hydraulic conductivities within the same order
of magnitude. Several formations in the Silurian also have horizontal hydraulic
conductivity of the order of 10-13 m/s. The low permeability of the Ordovician
host and cap formations would restrict the bulk movement of groundwater and
gas, and also ensure that the main mechanism of contaminant transport is by
molecular diffusion. Therefore, the argument of diffusion dominated transport is a
corollary of this one. The presence of multiple layers of low permeability rocks
would provide redundancy in terms of naturally existing barriers in accordance
with the multiple barrier concept required in G-320 [5].
4.2.3 Contaminant Transport in the Host and Cap Rock is Diffusion
Dominated
The movement of the contaminants through the DGR Project host rock and the
overlying cap rock is extremely slow.
The very low hydraulic conductivities and porosity measured during site
characterization (see section 3.2.2) indicate that contaminant movement would be
slow and controlled primarily by diffusion in the Ordovician shales and
limestones which would host and enclose the repository. The iodide effective
diffusion (De) coefficients measured in the lab using core samples from the
Ordovician shales and limestones were found to be low with values of
approximately 1 x 10-12 m2/s for shales and 4 x 10-13 m2/s for the limestones.
The hydraulic conductivity, porosity and diffusion data from the DGR Project
cores were compared to an international dataset which consists of nine different
European sites from comparable argillaceous rock [46]. The De coefficients for
the DGR Project core are generally lower than the De values obtained from the
European site characterization programs.
CNSC staff have found that the hydrogeochemical and isotopic characteristics of
groundwaters within the Ordovician and adjacent layers including their
compositions and spatial distribution provide strong support that the deep
groundwater regime has remained diffusion dominated at a time scale relevant to
demonstrating DGR Project safety. The intermediate to deep groundwater system
is characterized by a transition from the brackish calcium sulphate (CaSO4) water
observed in the Silurian G Unit (TDS approximately 10,000 mg/L), to an
increasingly concentrated sodium chloride (NaCl) type (saline) brine from the
Silurian C Unit down to the base of the Cambrian (244.6 to 860.7 m below
ground surface (mBGS)). Interpretation of the groundwater chemistry, coupled
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with regional hydrogeochemical data indicate that the brines were formed by
evaporation of sea water that was subsequently modified by water-rock
interaction processes. Within the deep groundwater system, the high salinity
concentrations (200,000 to 400,000 mg/L TDS) and the formation’s distinct
chemical compositions and distinct isotopic signatures indicate long residence
times (i.e., the pore waters have resided in the system for millions of years).
The depth profiles of chloride (Cl) and bromide (Br) pore water concentrations
also indicate that there is little or no mixing between the shallow groundwater
system and the intermediate groundwater system, although there is considerable
scatter in the profiles (see figure 4.2-1). Some of the variability in the data is due
to uncertainties introduced by the procedures used to estimate the solute
concentrations (see discussion on uncertainties in section 5.2). However, the
trends in the depth profiles are consistent with other solutes and, in particular,
with the depth profile of water activity (in which there is much less measurement
uncertainty because it is measured directly as relative humidity). In addition, the
profile of the Cl/Br ratio, which has less uncertainty because uncertainties in
estimating the mass of pore water cancel out, provides strong supporting evidence
that there is little or no mixing between the shallow and intermediate groundwater
systems.
Figure 4.2-1 Total Dissolved Solids versus Depth for DGR Project
Boreholes

Natural tracer profiles (such as chloride, bromide, and the stable isotopes of
oxygen and hydrogen) in argillaceous (clay) rock formations can be considered as
large-scale and long-term natural experiments by which the transport properties
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can be constrained. OPG has modelled the natural environmental tracer profiles of
18
O and salinity, using site specific paleohydrogeological information to constrain
initial and boundary conditions. The reduction in Cl and Br concentrations, the
depletion of 18O and the slight enrichment of 2H below the Ordovician shale can
be explained as the result of downward diffusion from the overlying high-salinity
pore water over a period of 300 million years. Independent modelling conducted
by Queen’s University, under contract to the CNSC, verified that OPG’s input
parameters which included site scale and lab measurements, initial conditions for
the domain, and constant boundary concentrations at the top and lower boundary,
can appropriately describe the observed distribution of the natural tracers [9].
Preliminary results showed that solute transport at the upper and lower part of the
domain may be better described by incorporation of an advective component.
Further research is therefore being undertaken by Queen’s University on contract
to the CNSC to provide more confidence on the timing of historical fluid
invasions in these sedimentary rock formations. The same type of research is also
being conducted by the NWMO.
Gas characterization of CH4, CO2 and helium (He) from both the groundwater and
the cores further support the existence of a stagnant, diffusion dominant transport
regime. Separation between biogenic CH4 in the Upper Ordovician shales and
thermogenic CH4 in the Middle Ordovician carbonates, and between He with
different 3He/4He ratios in the Upper Ordovician shales and the Middle
Ordovician carbonates suggests that advective mixing has not occurred and
diffusive transport is extremely slow.
Therefore presence of sulphide minerals and organic carbon (mainly CH4) in the
core, along with low dissolved oxygen and ferrous iron in the groundwater, is
evidence that reducing conditions have persisted for long periods of time.
No evidence exists at present that would contradict the conclusions that the
geochemical conditions at depth are reducing and oxygenated groundwater has
not penetrated the intact geosphere to the repository depth.
The low hydraulic conductivity, high-density stagnant groundwater/pore water,
isotope profiles, diffusion measurements, and residence time calculations all
indicate a diffusion-dominated system with no advective flow, unperturbed by
past glacial loading and unloading.
4.2.4 The DGR Project Site is Seismically Quiet
The DGR Project site has not and is not expected to experience large earthquakes.
The Seismic Hazard Assessment report [26] contributes to the evaluation of the
tectonic (structural) stability of the Bruce nuclear site, providing a probabilistic
assessment of seismic hazards at the DGR Project. The earthquake ground
motions that could occur during the design/service life of the DGR Project were
evaluated.
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The assessment considered regional and local source zones as follows:
Regional Seismic Source Zones:


the Grenville



the Central Craton



the St Lawrence rift



the rifted Iapetan margin



the Extended continental crust



the northern Appalachians



the Great meteor hotspot

Local Seismic Source Zones:


the Grenville front tectonic zone



the Georgian bay linear zone



the Niagara-Pickering linear zone



the Wilson-port home lineament



the Hamilton-Presqu’ile lineament



the Clarendon-Linden fault system



the Mississauga magnetic domain

CNSC staff concur that the proposed site is in a seismically quiet location, with a
very low probability of seismic activity that would be of any consequence to the
safety of the DGR Project.
4.2.5 Geomechanical Stability of Underground Openings
The DGR Project host rock is competent and the damage due to excavation would
be minimal in the short-term and would not extend into the overlying cap rock in
the long-term.
The proposed repository would be built in the Cobourg limestone. The uniaxial
compressive strength of the Cobourg was determined in the laboratory to have a
mean value of 110 MegaPascals (MPa). With such strength, the short-term
damage from the excavation of the galleries and shaft should be minimal, as
predicted from OPG’s modelling, and confirmed by CNSC’s independent
research program [12]. However, in the long-term, the strength of the rock would
degrade.
For hard, brittle rocks, it is generally recognized that long-term strength
degradation is due to the initiation and propagation of cracks and microcracks.
These cracks start to initiate at a stress level approximately equal to 30-40% of the
peak strength of the rock, called the crack initiation stress. The cracks would start
to propagate at stress levels higher than the crack initiation stress, and at
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approximately 60-70% of the peak strength, crack propagation becomes unstable
and would lead to failure.
OPG assumed in their base geomechanical assessment that the long-term strength
is equal to the crack initiation strength (i.e., 30-40% of laboratory peak strength).
CNSC staff found that assumption to be conservative. Even with this lower
bounding value, OPG’s calculations showed that the damage caused by
excavation, followed by multiple cycles of glaciation in one million years, a
1:106 year seismic event, and by gas pressure generated in the repository, would
not extend into the overlying shale cap. In addition, the safety assessment assumes
that at closure, 8 m of rockfall into the repository occurs immediately, and the
EDZ extends 8 m around the rooms, and one radius of the shafts around the entire
length of the shafts.
Even with these conservative assumptions, the Normal Evolution Scenarios result
in doses that are many orders of magnitude below acceptance criterion and is
therefore considered acceptable to CNSC staff. However, CNSC staff have
identified uncertainties with respect to the in-situ stress magnitudes and
orientations, and on some time-dependent strength properties that would be
required to be resolved during construction by a Geoscientific Verification
Program. These uncertainties will be discussed in more details in section 5.1.2.2.
4.2.6 Low Potential for Natural Resources
A low potential for natural resources at the DGR Project site as described by OPG
would substantially reduce the probability of future human intrusion.
This attribute supports the isolation component of the long-term safety case by
minimizing the risk of future intrusion. There are two likely candidates for
bedrock-hosted natural resources that are of particular interest in the study area.
Their potential in the study area requires evaluation because of the risk of future
human intrusion. The two candidates are MVT (Mississippi Valley Type)
mineralization (carbonate-hosted lead-zinc ore deposits) and hydrocarbon
potential.
In responses to information requests (IRs) asking for quantification of
hydrocarbon resource potential, OPG has stated that statistical validation as
requested/suggested would neither be possible nor meaningful, and are unable to
evaluate hydrocarbon potential on a conventional play basis. OPG’s assertion that
based on the current state of knowledge, there is no commercial (present day
value) hydrocarbon accumulation at the Bruce nuclear site is considered
acceptable by CNSC staff.
It is difficult to fully address the likelihood of inadvertent intrusion from future
generations of hydrocarbon explorers. For example, recent technological
developments such as fracking have shown that a resource may become
economically valuable, if it can be extracted for profit. While institutional
controls (such as land use zoning) will most likely prevent this type of disturbance
over the near term, it is very difficult to predict how, or even if, these types of
controls will exist beyond the next few hundred years.
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Although the Human Intrusion Scenario calculates the consequences of
inadvertent intrusion and shows that the risk level is acceptable, and OPG has
qualitatively described this attribute from a geological point of view, a
quantitative estimate has not been provided. Quantification of the hydrocarbon
resource may be raised as an issue in the future based on changing technology.
Being prepared to carry out such an analysis of the possible risk of future
intrusion from oil and gas exploration would support the qualitative observations
already provided and add to confidence in the proposed repository safety case.
CNSC staff consider the amount of information provided for this attribute to be
sufficient at this time.
4.2.7 Shallow Groundwater Resources are Isolated from Groundwater at
Depth of Repository
The deep groundwater system (above and below the repository horizon) has
remained isolated from shallow groundwaters for the last hundreds of millions of
years, and are therefore expected to remain that way for millions of years to come.
CNSC staff concur with OPG’s assessment that, in comparison with the shallow
groundwater zone, the host rock surrounding the DGR Project has very low
permeability and transport of contaminants away from the repository is diffusion
dominated. The following figure (figure 4.2-2) shows the advective groundwater
velocities calculated by OPG in the Simplified Base Case. It shows that calculated
groundwater velocities are about 0.001 mm per year (or, effectively zero) right
below the shallow groundwater zone; thus, in effect, this zone keeps the shallow
groundwater isolated from the deeper groundwater.
Figure 4.2-2 Advective Groundwater Velocities for the Steady-State
Simplified Base Case FRAC3DVS-OPG Model
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OPG’s 3-D numerical model of groundwater and solute migration results
indicated the Mean Life Expectancy (MLE) from the repository horizon to the
surface was typically greater than several millions of years. MLE is the time
required for a water particle at a specific position in a groundwater system to
reach a potential outflow point, considering both advective and dispersive
transport processes. The results provide further evidence that diffusion is the
dominant transport mechanism in the Ordovician rocks.

4.3

Repository System Design and Attributes
CNSC staff find that overall OPG has adequately presented safety arguments
associated with the waste inventory, design features and construction techniques.

4.3.1 Radioactive Waste Inventory (Source Term)
Placing the expected inventory of low- and intermediate-level radioactive waste
680 mBGS in the proposed DGR Project has been assessed to be safe to humans
and the environment, including Lake Huron, as the predicted doses are
insignificant under the Normal Evolution Scenario. In the Severe Shaft
Failure Scenario and Human Intrusion Scenarios, predicted peak doses would be
of the order of 1 mSv per year. In the extreme Shaft Failure Scenario, the peak
dose reaches 80 mSv per year. However, as discussed above, the probability
associated with these variants are considered to be very low. As a result of the
high margin of safety provided by the depth of the repository and the favourable
characteristics of the rock formations, and assuming that the shaft seals will
perform as anticipated, the uncertainty in the characterization of radionuclides
that are significant for long-term safety is negligible.
According to CNSC Regulatory Policy P-290 [4], the management of radioactive
waste is commensurate to its radiological, chemical and biological hazard to the
health and safety of people and the environment and the measures needed to
prevent unreasonable risk to present and future generations from the hazards of
radioactive waste are developed, funded and implemented as soon as reasonably
practicable. With these policy statements in mind, CNSC staff find OPG’s efforts
to characterize the radioactive waste to be sufficient, and appropriately bounded,
for the purposes of the EIS and the Preliminary Safety Case. CNSC staff conclude
that any uncertainties in waste inventory and characterization is compensated for
by the geosphere, the repository design and the proposed depth. Should OPG
apply for an operating license in the future, CNSC staff would require an
enhanced waste characterization program over time and when new waste is
generated for the updated long-term safety case.
OPG has indicated that the small number of direct measurements of radionuclides
inside containers stored at the Western Waste Management Facility (WWMF)
were to limit exposure to workers. CNSC staff issued a contract to an independent
expert to evaluate OPG’s current waste characterization program [47]. The
independent consultant concluded that waste characterization efforts were below
average compared to practices done in other countries. The findings of the
consultant were that in other countries, wastes are characterized for each
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individual nuclear generating station. The wastes that are currently stored at
WWMF are from all 20 OPG reactors and are assumed to be similar in
characteristics; something that has not yet been verified through an adequate
measurement program.
OPG has committed to continue their waste characterization program to bring the
inventory into compliance with P-290 and international standards. As per
section 2.6.3 of PMD 13-P1.3, CNSC staff have recommended
(Recommendation #2) that further waste characterization be conducted before any
waste is emplaced in the DGR Project.
CNSC staff recommend further waste characterization for the radioactive
inventory to bring OPG’s waste characterization program in line with
international best practices. However, there is enough conservatism in the
long-term safety assessment for CNSC staff to conclude that any uncertainties in
waste inventory are not likely to result in significant adverse effects to humans
and the environment, including Lake Huron.
4.3.2

Depth of Repository
CNSC staff concur that a nominal depth of 680 m of the repository is the main
factor contributing to isolation, by substantially reducing the probability of future
human intrusion. In addition, that depth would result in an overburden pressure of
about 18 MPa, which is higher than the anticipated gas pressure generated during
the life of the repository. This would limit the damage from potential gas pressure
within the repository horizon and minimize its propagation into the upper cap
rocks.

4.3.3 Proven Construction Techniques
Shaft sinking would be required to use proven construction techniques. Industry
experiences have demonstrated that adequately designed controlled drill and blast
excavation can minimize the damage (i.e., both overbreak and excessive EDZ) to
the host rock. The EDZ along the shaft is a potential preferential flow pathway for
groundwater flow and contaminant migration. This EDZ would be minimized by
an adequate drill and blast design by: using suitable explosives, proper powder
factors, adequate drill hole configurations, and detonation and delay sequences of
blasting holes. Minimizing the EDZ would reduce the risks for groundwater flow
and contaminant migration along such zones and enhance the long-term safety of
the DGR Project. However, detailed drill and blast designs have not been
developed at this stage of the project.
The current information provided by OPG is adequate for both EIS and LPSC
application purposes. CNSC staff will review the adequacy of the detailed
controlled drill and blast design to ensure that techniques used for excavation
would not create excessive damages to the host rocks.
4.3.4 Repository Rooms Will Not be Backfilled
DGR Project repository rooms are designed not to be backfilled. The advantages
of not backfilling are: reduced worker dose, greater retrievability during
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operations, and an increased space for gas ensuring reduced gas pressure during
postclosure. In theory, backfilling the DGR repository rooms would provide
structural support to the repository during operation and improve the repository
stability in the near term and during the postclosure phase. However, the rock is
strong and the repository would be stable without backfill during the operational
period. Furthermore backfilling can not provide any long-term structural support
to the repository due to the waste degradation and decay. OPG’s assessment has
indicated that in the long-term, damage of the repository will not extend into the
overlying shale cap rocks and CNSC staff concur with this assessment.
4.3.5 Shaft Seals
Shaft seals would be designed and constructed to minimize the potential flow
along the EDZ and in the high permeability formations. Shaft support structures
and concrete liners, and highly damaged rocks will be removed during closure to
ensure a complete seal of the shaft column to the surrounding low permeability
host rock. The shaft seals are designed to provide multiple barrier layers using
different materials. Concrete bulkheads are designed for specific locations and are
keyed into the surrounding host rock to provide structural support for the material
above it and to minimize the flow along the EDZ and in the high permeability
geological formations. Major seal materials (mainly bentonite) are geochemically
stable, thus reducing the likelihood of their long-term degradation. CNSC staff are
satisfied with this assessment for the purposes of the EIS and LPSC review.
4.3.6 Adaptation of Design
Adapted design approach will be maintained to meet the safety requirements for
disposal. With the collection of further information during repository construction
through the Geoscientific Verification Plan [48] and during repository operation
through new and continuing monitoring programs, the DGR Project design and
safety case will be updated to reduce the uncertainties in long-term safety.
4.3.7 Management System
A design and construction management system is a regulatory requirement to put
in place adequate QA/QC programs to ensure that the DGR Project is constructed
as designed.
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CNSC STAFF CONCLUSIONS
CNSC staff conclude that at this stage, there is sufficient evidence to form the
basis of a scientifically robust assessment of the long-term safety of the proposed
DGR Project and to support an EA decision and decision for a licence to prepare
and construct.
CNSC staff have found that OPG has presented sufficient evidence that the
proposed DGR Project, following its closure, would not result in significant
adverse effects to humans and the environment, including Lake Huron. However,
some uncertainties were identified. CNSC staff recommend that these
uncertainties be reduced through verification programs as detailed in this report.
All recommendations are carried forward into PMD 13-P1.3 for the consideration
of the JRP.

5.1

Discussion of Uncertainties
As noted in section 4.1.4, uncertainties exist in the long-term safety case due to
uncertainties in the geosphere, which create uncertainties in the repository design
and therefore uncertainties in the safety assessment.
To reduce knowledge gaps, during shaft sinking, geoscientific verification
activities will be conducted at key locations in the main shaft to verify safety case
assumptions. Additional geoscientific information will also be gathered during the
verification activities to: confirm sub-surface geologic and geotechnical
conditions, to support engineering decisions and DGR Project design, and to
provide additional input to the DGR Project safety case.
CNSC staff provide the following conclusions surrounding the different
uncertainties that remain for the DGR Project long-term safety case, starting with
uncertainties in the geosphere and followed with uncertainties related to
repository design.

5.1.1 Uncertainties in the Geosphere
5.1.1.1

Subvertical Faulting

The site investigation did not detect the presence of subvertical faulting at and
below the proposed repository horizon. Subvertical faults were not identified
during geological characterization activities and no substantial vertical offsets
have been identified from borehole correlations. The potential for the presence of
unidentified vertical faults (that are difficult to identify from surface
characterization activities) is addressed in the disruptive scenarios analysis in the
safety assessment and will continue to be addressed in geoscientific verification
activities. The uncertainty remains due to: the limitation of available geophysical
methods to detect vertical faults from the surface, the irregular higher fracture
frequency in one borehole (DGR 4), and the relatively small number of boreholes.
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This uncertainty is addressed in OPG’s submissions by:


Calculations for the Disruptive Scenario in the safety analysis (undetected
faults at variable distance from footprint of the DGR Project).



Additional numerical modelling of the dose consequences from a vertical fault
located at different locations, especially to the north-west of the DGR Project
without changing other assumptions of the Normal Evolution Scenario.



The Geoscience Verification Plan [48], which describes OPG’s plans for
gathering additional information during construction to confirm the subsurface geology and geotechnical conditions.



This program will support engineering decisions and DGR Project design. It
will also support the long-term safety case. Proposed verification activities
include: geological characterization, geophysical surveying, in situ stress
measurement, EDZ characterization, and characterization of host rock
response to excavation.

CNSC staff found that the above methods to handle the uncertainty associated
with the potential existence of vertical fault(s) are acceptable.
5.1.1.2

Geological Predictability

The existence of relatively simple, regionally extensive, subhorizontal
sedimentary layers whose stratigraphy is predictable at the site and beyond
provides additional confidence in the ability of mathematical models to simulate
the behaviour of the geosphere. Much of the predictability for the site and the
region that is described in the Geosynthesis Report [22] is dependent on the
3DGFM. As the model uses historic well information (some of which dates back
to the 1930s) there is some reliance on the QA that was carried out by those
operators.
Some of the inherent uncertainties are not explicit. For instance, the total number
of wells used in the 3DGFM is 299. Of those wells, only 24% (73 wells) reach the
Precambrian basement (below the repository horizon), and 61% do not reach the
Middle Ordovician (the repository horizon). Furthermore, borehole distribution is
uneven in the RSA; most boreholes lie to the south of the proposed DGR Project
site, and there is one significant cluster of wells to the northeast of the site.
Borehole information from Michigan was used to extrapolate the model beneath
Lake Huron, to the west of the proposed DGR Project location. Therefore, there is
a gap in borehole coverage of approximately 100km.
The uncertainties associated in the 3DGFM - with respect to the thickness of
units, model and source data verification – that were addressed by OPG during
their model development include:


verification of their regional historic borehole data sources by screening for
obvious errors (such as incorrect logging of contacts)



the inclusion of reference wells and geophysical logs published by the OGS
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site specific drill core



the comparison of borehole geophysics from DGR Project boreholes and a
historic borehole

Basement-seated faults are not included in the model, although the regional cross
section that spans the Michigan basin would cross several basement-seated
tectonic features (including some of those described in the seismic hazard
assessment). OPG has acknowledged the importance of these types of structures,
but lists several arguments against including them in the 3DGFM which are; the
decrease in fracture density along the Michigan side of the arch; the lack of
identified faults (Silurian age) in the RSA (both of which may be an artefact of
bedrock exposure, however this is the only information available); and
aeromagnetic lineament studies. The uncertainty related to the potential existence
of unidentified deep and subvertical structures has been addressed above in
section 5.1.1.1.
The model does incorporate erosional unconformities and paleo-karstic horizons,
which were used in hydrogeological modelling.
While CNSC staff are not always in agreement with OPG’s selection of statistical
evaluation tests and the manner in which OPG has simplified the geological
information, CNSC staff concur that the 3DGFM does fulfill its purpose of
establishing a conceptual stratigraphic model useful for regional simulations.
Enough information has been provided for CNSC staff to conclude that the DGR
Project would not result in significant adverse effects to humans and the
environment, including Lake Huron.
5.1.1.3

Sufficient Lateral Extent of Host and Cap Rock
Formations

Sufficient vertical extent of the host rock and cap rock formations, that provide
the containment barriers, is clearly demonstrated by the site investigation
boreholes. However uncertainties remain on the lateral extent of these formations,
in particular with respect to the possibility of vertical faults that might disrupt
these formations. To date, seismic surveys have not been able to detect significant
vertical faults or fracture systems near the site. An absence of significant faults or
fracture systems is also supported by the maintenance of the ancient groundwater
regime (no mixing detected between the shallow and deep groundwater) and the
persistence of overpressure in the deeper stratigraphic units that underlie the
repository horizon. However, there is uncertainty on the ability of seismic surveys
performed from the surface to detect deep faults. This uncertainty is considered
acceptable to CNSC staff as the activities described in the Geoscientific
Verification Program have been put in place to identify potential structural
features such as these, which would only be identifiable once construction has
commenced. Any new findings would be incorporated into the repository design
as appropriate.
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5.1.1.4

Potential for Natural Resources

A quantitative evaluation of hydrocarbon resource potential would contribute to
an assessment of the probability of inadvertent intrusion by future generations,
after repository closure. CNSC staff conclude that this uncertainty need not be
resolved at this time, since OPG has provided sufficient measures to reduce the
risk of inadvertent intrusion. The most important measure is to locate the DGR at
a depth of 680m. Additionally, the safety assessment shows that future
Human Intrusion in the extreme Scenario would result in a peak dose of the order
of 1 mSv per year which is below background and considered acceptable by
CNSC staff. The variant to the Human Intrusion Scenario where the predicted
peak dose is 30 mSv per year was also considered acceptable to CNSC staff due
to the very low probability of occurrence.
5.1.1.5

Uncertainties in Geochemical Data

The geochemical data are mainly used to provide evidence on the diffusion
dominated transport characteristics of the host and cap rock, and that the
groundwater at repository depth is isolated from the shallow groundwater system.
Characteristics (isotope measurements in pore water as well as gases and solutes)
in deep groundwater of the Cobourg formation suggest that the water is very old.
In addition, the low hydraulic conductivity, high-density stagnant
groundwater/pore water, isotope profiles, diffusion measurements, and residence
time calculations all indicate a diffusion-dominated system.
These evidences rely on the precision of the pore water measurements or rely on
the assumption that measurement errors of pore water samples throughout the
depth profile are consistent. The vacuum distillation and leaching techniques that
had to be used in the pore water analyses result in the main uncertainties in the
estimated pore water solute concentrations due to:


uncertainties in volume of pore water recovered from vacuum distillation



issues with respect to the ratios between solid and liquid used in the leaching
process



interference from the dissolution of soluble minerals in addition to deposited
pore water solutes

These uncertainties are taken into consideration by OPG by justifying that the
level of confidence in the geochemical data is generally low to medium. There are
also uncertainties in the reduction and manipulation of the measured data and in
the geochemical interpretations. These uncertainties have been examined and the
conclusions regarding the confidence in the geochemical data are found to be
justified by CNSC staff.
5.1.2 Uncertainties in the Repository Design and Attributes
As noted above, uncertainties in the geosphere produce uncertainties in the
repository design. The following sections describe the uncertainties and how they
have been taken into consideration.
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5.1.2.1

Longevity of Shaft Seals

The main type of material for shaft seals is planned to be a 70/30 bentonite/sand
mixture. With proper QA/QC in emplacement, its target permeability should be
achieved. However, no precedent exists for the long-term stability of sealing
shafts. The safety case handles this uncertainty by:


considering a Failed Shaft Scenario in the study area and showing that the risk
is still acceptable



proposing an in-situ underground verification program during construction
(and eventually operation)

CNSC staff found that the above methods to handle this uncertainty is acceptable.
CNSC staff recommend in addition that OPG develops and conducts a Research
and Development Program on the longevity of shaft seals that should be carried
out during the term of the site preparation and construction licence. This is listed
as Recommendation #19 in PMD 13-P1.3.
5.1.2.2

Excavation Damaged Zone

Uncertainties exist on the properties and extent of the EDZ due to the following:


the in-situ stress has not been measured



some time-dependent mechanical properties (creep, time to failure under
given load) of the host and cap rock formation have not been determined

OPG handled this uncertainty by using conservative assumptions in their
assessment of the EDZ (such as assuming that the long-term strength of the host
rock is approximately equal to 30-40% of the short-term strength). In addition,
OPG proposed the following:


the in-situ stress will be measured during shaft excavation



the EDZ will be characterized during shaft excavation



controlled drill-and-blast excavation will be used to minimize the EDZ

CNSC staff found that the above methods to handle the uncertainty associated
with the properties and extent of the EDZ are acceptable. Additionally, CNSC
staff recommend that:



OPG develop an experimental program to characterize the time-dependent
properties of the host and cap rock.
At the end of shaft construction and before lateral construction begins, update
the geomechanical model and the conclusions of the safety assessment by
using the results of the above experimental program.

This is captured in Recommendation #20 of PMD 13-P1.3.
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Waste Characteristics

The accurate characterization of the waste inventory (volume and activity level) is
important for the determination of the source term associated with the safety
assessment.
Some radionuclides (cesium-137, cobalt-60) are easy to measure (ETM) by
gamma spectrometry. All other radionuclides are beta and alpha emitters which
cannot be measured by gamma spectrometry and are consequently difficult to
measure (DTM). In order to avoid measuring DTM radionuclides in all
containers, relationships between ETM and DTM radionuclides are developed;
these are called scaling factors. There are uncertainties associated with using
scaling factors for carbon-14 and iodine-129, the main dose contributors for the
Normal Evolution Scenario and for the Severe Shaft Failure Scenario.
In response to IR JRP EIS 06-264 [49], OPG committed that their ongoing waste
characterization program will further improve the completeness and accuracy of
the inventories. CNSC staff recommend that OPG’s waste characterization
program be reviewed and revised as appropriate to conform with guidance
provided by ISO 2007 [50], IAEA 2009 [51] and IAEA 2007 [52]. This is
captured in Recommendation #2 of PMD 13-P1.3.
Should OPG apply for an operating licence in the future, CNSC staff would
require an enhanced waste characterization program to provide statistically valid
data for the updated long-term safety case that will be required in the licence
application.
5.1.2.4

Uncertainties in Generated Gas Pressure

OPG has concluded that the generated gas pressure will be lower than the
overburden stress, and will also likely be lower than hydrostatic pressure. This
conclusion requires reasonable certainty in the detailed inventory, which was
handled through conservative assumptions in alternative scenarios.
Calculations of the potential for gas generation from the full conversion of the
main elements of interest (carbon and hydrogen) were conducted by OPG and
reviewed by CNSC staff. These analyses support the conclusion that maximum
pressures should not exceed the ability of the repository / geosphere to prevent
rapid transit of radioactive gases to the biosphere, even in the improbable event of
rapid conversion of the relevant inventory to gas.
Predictions of the exact time course for gas generation and the eventual migration
of key long-lived, mobile radionuclides such as carbon-14 to the biosphere are
uncertain, but were addressed adequately through conservative modelling. These
predictions depend on physical/chemical processes related to the corrosion of
metals, and the degradation of wastes inside containers by microbes. There are
few real-world examples for validating models of microbial processes. These
processes are particularly important in the context of the DGR site due to isotopic
signatures of historical microbial activity very near the repository level.
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The nature and rates of these processes at and near repositories are currently being
researched nationally and internationally as experimental analogues become
available. CNSC staff raised several IRs to clarify OPG’s conceptual approach to
gas generation modelling and the choice of important parameters. OPG’s
responses provided sufficient detail for staff to conclude that best use was made
of existing information and that sufficient conservatism was incorporated into
models to support the safety case. OPG has committed to studying gas generation
processes which will require a long-term effort; this is considered to be an
important feature of the Geoscientific Verification Plan [48].
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ACRONYMS
3-D

Three Dimensional

BGR

German Geological Survey

CANDU

Canada Deuterium Uranium

CANMET

Canada Centre for Mineral and Energy Technology

CEAA

Canadian Environmental Assessment Act

CNSC

Canadian Nuclear Safety Commission

De

Diffusion Coefficient

DGR

Deep Geologic Repository

DGSM

Descriptive Geosphere Site Model

DTM

Difficult to Measure

EA

Environmental Assessment

EIS

Environmental Impact Statement

EDZ

Excavation Damaged Zone

ETM

Easy to Measure

GSCP

Geoscientific Site Characterization Program

HTO

Tritiated Water

IAEA

International Atomic Energy Agency

IR

Information Request

IRSN

Institut de Radioprotection et Sûreté Nucléaire

ISO

International Organization for Standardization

JRP

Joint Review Panel

LPSC

Licence to Prepare a Site and Construct

NEA

Nuclear Energy Agency

NWMO

Nuclear Waste Management Organization

Ma

Millions of years

mBGS

Metres Below Ground Surface

MLE

Mean Life Expectancy

MPa

MegaPascals

mSv

millisievert

MVT

Mississippi Valley Type
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OGS

Ontario Geological Survey

OPG

Ontario Power Generation

PMD

Panel Member Document

PSR

Preliminary Safety Report

QA

Quality Assurance

QC

Quality Control

RSA

Regional Study Area

RQD

Rock Quality Designation

TBq

Terabequerel

TDS

Total Dissolved Solids

THMC

Thermal-Hydrological-Mechanical-Chemical

WWMF

Western Waste Management Facility
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